The structure of the benthic amphipod assemblage and its relationship with soft-bottom characteristics (particle size, organic matter, etc.) of the coastal waters at the depths of 0-5 m at the Dardanelles, including the Turkish Straits System, was studied. A SCUBA diver took benthos and sediment samples seasonally using a quadrate system of 30×30 cm as three transects from the 8 different stations between July 2008 and April 2009. A total of 3007 individuals belonging to 50 species was reported. Among these, Corophium acutum Chevreux, 1908 had the highest dominance value (Di%=22.18) and the lowest dominance value belonged to Dexamine thea Boeck, 1861 * Corresponding author: asuatates@yahoo.com (Di%=0.03). The highest positive correlation (rs=0.57, p<0.05) was observed between the gravel content (%) and the abundance (ind. m -2 ). The highest sand rate (99.59%) in the sediment was found at the Eceabat site. The lowest rate was at the Kepez Harbour station with a value of 73.01%. The highest Hˊ value (1.53) was recorded at the Eceabat site, and the lowest Hˊ value (Hˊ=0.95) was recorded at the Gallipoli sampling station.
INTRODUCTION
Type of sediment has a significant effect on conditions of the marine bottom and supports a wide range of flora and fauna (Barros et al. 2008) . Populations of macrozoobenthic species are indicators of all ecosystems (Hily et al. 2008 ). Distribution models and recolonization dynamics of benthic species depend on physical factors such as sediment characteristics and hydrodynamic conditions (Ellis et al. 2000 ; Guerra-García, García-Gómez 2009). As stated by McBreen et al. (2008) , the structure of macrobenthic communities depends on a range of environmental variables and these physical factors are more influential in determining community structure.
Macrobenthos of soft-bottoms are significant elements of marine environments for macrobenthic assemblages (Jayaraj et al. 2008) . All soft-sediment communities in intertidal and shallow waters of the sublittoral zone are affected by a variety of physical and biological processes. Correlations between the physical characteristics of the sediment and the structures of the benthic community are significant (Fresi et al. 1983) .
A number of studies have defined the community structures of benthic organisms in marine environments. Patterns with complicated physical factors such as seawater temperature, salinity, and sediment type in coastal areas often determine the community structure (Delvalls et al. 1998) . In benthic communities, characteristics such as depth, salinity, and sediment structure are important in identifying the distribution patterns (Gimenez et al. 2005) . Among these characteristics, sediment features have been cited as factors affecting the distribution of macrofaunal communities (Fresi et al. 1983; Seiderer & Newell 1999; Dalfsen et al. 2000; Ysebaert & Herman 2002; Chou et al. 2004; Van Hoey et al. 2004; Gimenez et al. 2005; Desroy et al. 2007; Bamber et al. 2008; Barros et al. 2008; McBreen et al. 2008) .
Zonation of macrobenthic assemblages is directly affected by the sediment structure and several changes that are related to sediment characteristics could negatively influence the structure of a benthic community (Dubois et al. 2009 ). The effects of hydrodynamic characteristics such as currents and waves are also significant in determining the community structure of the benthic environment (Seiderer & Newell 1999; Desroy et al. 2007) . Recently, the crustaceans, including the amphipods in shallow waters (0-5 m) of the Gallipoli Peninsula coast, Turkey, were studied by Erkan Yurdabak (2004) . This study's approach is to describe seasonal variations in diversity and community structure of benthic amphipod crustaceans found in the Dardanelles with variations in the characteristics of soft-bottom sediment and environmental variables.
MATERIALS AND METHODS

Sampling process
Eight stations were sampled. GPS coordinates of the stations are: Kilitbahir 40°15΄048˝N 26°37΄878˝E, Eceabat; 40°18΄253˝N 26°36΄046˝E, Kilya Inlet; 40°20΄472˝N 26°36΄117˝E, Gallipoli; 40°40΄617˝N 26°66΄692˝E, Lapseki; 40°34΄661˝N 26°67΄985˝E, Çanakkale; 40°15΄474˝ N 26°40΄879˝ E, Kepez Harbour; 40°10΄360˝N 26°37΄339˝E, Dardanos; 40°07΄493˝N 26°35΄806˝E (Fig. 1) . Three transects (0.5, 2, and 4 m) of samples were collected for analysis of the amphipod community at each station in July 2008 , November 2008 , February 2009 , and April 2009 by means of a frame quadrat system of 30 × 30 cm (its representative area is 0.9 m 2 ).
Laboratory analysis
The samples collected were sieved through a 0.5 mm mesh and preserved in a seawater-formalin solution of 5%. The amphipod samples were then identified to the lowest possible taxonomic level and counted, using a stereomicroscope. Additional sediment and seawater samples were taken for analysis of abiotic variables such as temperature, salinity, dissolved oxygen, organic matter and mean particle size of the sediment. Dissolved oxygen, water temperature, and salinity were measured using a YSI 556 model MPS on site. Amphipod specimens were defined based on the studies of Ruffo (1982 Ruffo ( , 1989 Ruffo ( , 1993 . Sediment granulometry was characterized using a series of the sieve set ranging from 63 μm to 20 mm. The respective amounts of sediment in each sieve were grouped into four types for further analysis: silt-clay fraction (<63 μm), fine sands (>63 μm and <0.25 mm), coarse sands (>0.25 and <0.50 mm) and very coarse sands (>0.5 mm). Sediment organic matter was determined by the high temperature oxidation method adopted by Craft et al. (1991) . In addition to loss of ignition at 550°C using a furnace, organic carbon and total nitrogen were also determined by the high temperature oxidation method. The loss of ignition method involves placing a weighed dry material in a furnace that is slowly heated to 550°C, then held one to two hours at this constant temperature. A clean sand sample was also tested to compare with results obtained from the sediment samples. 
Data processing
To eludicate the amphipod community structure, Soyer's (1970) frequency index (f%) and BellanSantini's (1969) quantitative dominance index (Di%) were calculated. Species' diversities for both the seasons and the sampling stations were calculated using the Shannon-Wiener index (H′) (Shannon & Weaver 1963) . Evenness of each sample was calculated using Pielou's index (J) (Pielou 1966) . Primer package 6.0 (Clarke and Warwick, 1994) was used to complete the similarity analysis and the diversity index.
The community structure was investigated by group-averaging cluster analysis based on the BrayCurtis similarity. Spearman's correlation coefficient was used to compare the correlations between the environmental variables and the amphipod abundances. Abundance was calculated as the number of individuals in each 0.90 m 2 quadrate. The Friedmann test was adopted to see the seasonal changes in particle size.
where, b is the number of sampling stations (8) and t is the number of seasons (4) in this study; Sj is the standard deviation of the data set. Dominant species' distribution was examined using particle size based on seasons. Variations in sediment characteristics were analyzed.
RESULTS
Abiotic conditions
Seasonal differences in temperature, salinity, and dissolved oxygen were observed during the study. The concentration of average dissolved oxygen (DO) was 7.13 (±0.59) mg l -1 . 
Sediment characteristics
Mean value of organic matter in sediment (percent SOM) for all sampling times and sites was 2.85% (±2.16). The Lapseki station had the maximum SOM level in April 2009 (9.86%), possibly due to less variation in temperature, continuous sewage discharge, and the structure of the site, since this location is less affected by flow in the strait. The lowest SOM (0.55%) was measured at the Kilitbahir site because the highest flow in the strait is close to this site. Kilitbahir sampling site has the lowest SOM as 1.75%. During sampling period, mean SOM without taking into account of individual sampling times the maximum (5.01%) was detected at the Dardanos sampling station.
The granulometric analysis of sediment (Table 2 ) showed a high homogeneity in all sampling sites with dominance of sand, with many sites higher than 90% (although thre of the sites were lower than 90%). According to the Friedman test, particle size was significantly different at the sampling stations (F = 86.375 > χ 2 (0.05; 8) = 15.507). This suggests that In terms of the average grain diameter, the Anatolian coast has a value of 663 μm and the European coast has a value of 476 μm. A correlation of -32.87% was obtained between the clay + silt grain size (Ø<63 μm) and the number of amphipod species detected during summer. This means that the station is high in clay and silt sediment and has fewer amphipod species.
However, this correlation is not statistically significant (critical r=-56%).
Clay and silt (Ø<63 microns) contents at the sampling stations are given as Canakkale 0.046%; Lapseki 0.089%; Gallipoli 0.444%; Kilya 0.192%; Eceabat 0.257%; Kilitbahir 0.129%; Kepez 0.035%; and Dardanos 0.076%. The Kepez and Dardanelles stations have the lowest of these values. The Gallipoli station, because of less circulation in flow, is subject to relatively less influence. These fine-grained sediments are more easily deposited. The other sampling stations were different in that they contained some sand as well ( Table  3 . Approximately 84% of the amphipod species reported here were permanent components of the fauna (with f% values >50). The highest number (n=1158) of individuals was observed during autumn. However, in this season, Corophium acutum and C. acherisicum A. Costa, 1851 have the maximum number (n=149 and n=44, respectively) of individuals. The summer sampling period had the lowest the number (n=585) of specimens and Siphonoecetes dellavallei was the dominant species (n=337) over this period.
In terms of abundace (ind. m 2 ), the highest number (n=1142) was recorded at the Kilitbahir site. The Kilitbahir sampling site was followed by the Kepez Harbour (ind. m 2 =577) and the Lapseki (ind. m 2 =361) sites, and the lowest value (ind. m 2 =27) was observed at the Gallipoli site (Fig. 2) . The maximum numbers of species found were 43 and 42 in February 2009 and November 2008, respectively. The fewest number of species was observed in July 2008 with 24 species. While the highest number (n=1158) of individuals was recorded in November 2008, the lowest value (n=585) was found in July 2008 (Fig. 3) . Table 2 Average values ±standard deviation of the % of organic matter (OM), the particle size (<63 μm) of sediments sampled, dissolved oxygen, salinity, and temperature measured. Our present results show that amphipods were significantly more abundant in the autumn and winter than in the other seasons. According to results of the Bray-Curtis similarity index, the seasons autumn 2008 and winter 2009 shared the same similarity groups with a value of 89.27%. The second highest similarity (85.71%) was between the winter and spring 2009 groups (Fig. 4) . Bray-Curtis similarity analysis shows that the highest similarity was observed between the Kilitbahir and the Kepez sites with a value of 70.58%. The second highest value (65.14%) was between the Eceabat and the Lapseki stations. The lowest value (15.38%) was observed between the Gallipoli and the Çanakkale sites (Fig.  5) .
Relationships between the amphipod fauna and environmental variables Calculation of Spearman's rank correlation coefficient (rs) between biotic (abundance ind. m 2 ) Σ -The total number of specimens; Di -dominance; f -frequency of occurence data and variables such as particle size of sediment, organic matter (%) in sediment, temperature, and salinity revealed a statistically non-significant correlation (p<0.05). With respect to the sampling period, a positive correlation was observed between the number of amphipod species and abundance (ind. m 2 ) (rs = 0.53; p<0.05). Likewise, in terms of the sites, a positive correlation of rs = 0.30 (p< 0.05) was observed between the number of species and abundance (ind. m 2 ). When abundance values are compared with the amount of organic matter in the sediment, the Dardanos station is the richest (50.12 ±19.45%) and the abundance in this site is 160 ±95 (ind. m -2 ). However, the Eceabat site has a value of 308 ±193 (ind. m -2 ) with a minimum amount of organic matter (24.02 ±13.58%). While the amount of organic matter measured for the Gallipoli station is 25.43 ±15.02%, the abundance value recorded at this site is 27 ±13 (ind. m -2 ). With regard to the sampling periods and the sites, the correlation between abundance (ind. m 2 ) and organic matter (%) in sediment is rs = -0.26 (p<0.05) (Fig. 6, 7) . Besides, the most important variable affecting the abundance of amphipods is the salinity of the seawater (Fig. 8) .
In this context, the positive correlation between average salinity values and abundance (ind. m 2 ) is rs = 0.34 (p<0.05). A negative correlation (rs= -0.57; p<0.05) was found between the sand content (%) of sediment in the sampling stations and the abundance (ind. m -2 ), a result which is similar to those of Reizopoulou and Nicolaidou (2004) . Unlike in their work, however, the correlation between the gravel content (%) and abundance (ind. m -2 ) was found to be rs=0.57 (p<0.05). According to Spearman's coefficient, the correlation between sediment particle size (µm) and abundance (ind. m -2 ) in the sampling sites is quite low [rs=0.37 (p< 0.05)]. Corophium acutum is the most dominant amphipod species (55 specimens) at the Eceabat station, which has the 
96%).
Corophium acutum was the most dominant species among those surveyed in autumn. Although no single factor could explain why, particle size (in terms of sand) was found to have a notable effect on this species' abundance in autumn after logarithmic transformation of its specimens categorized by sampling sites. In winter and spring, the same cannot be confirmed explained by particle sizes possibly due to changes in water temperature, currents, and freshwater input from inlands.
DISCUSSION
Particle size is not the only significant factor in the distribution of the benthic assemblages; environmental variables also play important roles. However, several variables are needed to establish accurate predictions and grain size, alone, was not adequate (McBreen et al. 2008) . Sediment characteristics are recognized as a controlling factor, directly determining the presence and abundance of the soft bottom assemblages, and different species prefer various specific types of sediment. In other words, sediment characteristics are a crucial factor in species composition (Hily et al. 2008) . Fresi et al. (1983) carried out a study on the structural analysis of benthic communities found in Parca Naturale della Maremma (the Central Tyrrhenian Sea) and reported a total of 14 amphipod species from the study area. However, the linear regression analysis between the variables of sediment and biological factors showed an important dependence of the community structure (Fresi et al. 1983 ). Fresi et al. (1983) reported a significant correlation between benthos formation and the distribution of the sediment characteristics. The same authors also mentioned that the communities in areas of sandy bottoms, which have a high species richness, are quite seperate from communities in areas where the bottom is sandy mud. According to Fresi et al. (1983) , species diversity is low on bottoms with a high ratio of silt to clay. The same authors found that the highest ratio of sand was 96.4% and that of silt was 79.8%. In our study, the highest ratio of sand was detected as 99.59% in the Eceabat Station. Meanwhile, we found the highest ratio of silt to clay at the Dardanos station, with a value of 0.77%. Fresi et al. (1983) also reported the amphipods Corophium rotundirostre Stephensen, 1915, Hippomedon massiliensis BellanSantini, 1965, and Perioculoides longimanus (Bate and Westwood, 1868).
Erkan Yurdabak (2004) found a total of 13 amphipod species at depths ranging from 0 to 5 m off the Gallipoli Peninsula shores and only 3 of them (Ampelisca sarsi, Dexamine spinosa, and D. spiniventris) were collected on the sandy bottoms at the depths cited. These species were also reported in our study. Wu & Shin (1997) found a high benthic similarity between the two sediment types (mud and sand) at each site. Nevertheless, Seiderer & Newell (1999) stated that there is no significant relation between the particle size distribution of the sediment and the distribution of benthic assemblages. According to Seiderer & Newell (1999) , the correlation between all faunal assemblages and all sediment particle sizes was high, while correlations between communities with more specimens and the distribution of sediment particle size were respectively low. Reizopoulou and Nicolaidou (2004) found a decrease in the variety of the species and an increase in the abundance of a few species with an increase in confinement in lagoons situated in western Greece. We found a low correlation (rs=0.37; p˂0.05) between the particle size of sediment (µm) and the abundance (ind. m -2 ) for the sites. Wu & Shin (1997) in mud bottoms. The amphipod Corophium acutum was found predominantly (55 ind. m -2 ) in bottoms with high sand content (99.59%) in our study. Ysebaert & Herman (2002) carried out a study on the variation of the benthic species and relationships with environmental variables in soft-bottoms of the Schelde estuary, the Netherlands. Ysebaert & Herman (2002) reported that the surface feeder Corophium volutator was dominant and that for this species, salinity explained a large part of the observed variation. The amphipod Bathyporeia pilosa preferred sandy sediments. The dominant species found in our study Corophium acutum had 667 specimens. Gimenez et al. (2005) studied the faunal distribution on the soft bottoms of the intertidal zone and lagoons on the Uruguayan coast and found 10 crustacean species, including the amphipod Jassa falcata (Montagu, 1808). According to Gimenez et al. (2005) , fine sand was negatively correlated to the second important factor (rs=-0.94) and the composition of macrobenthic fauna responded to sediment type, but most of them were related to the proportion of the mud. In the same way, a negative correlation (rs= -0.57; p<0.05) was found between sand and abundance (ind. m -2 ). We observed a positive (rs= 0.57; p<0.05) correlation between gravel content (%) and abundance (ind. m -2 ). Moreover, Gimenez et al. (2005) found that the correlations between salinity and species richness were not significant.
The same authors found significant correlations between total faunal abundance and the samples (rs= 0.74, p<0.05) and they stated that fine sand was the most important variable. In recent years, Desroy et al. (2007) reported that the mud ratio varied between 45% and 50% in the sediment of soft-bottom macrobenthic assemblages of the north channel of the Seine, and indicated that the distribution of mud and soft sand showed a high heterogenity of localization despite the lack of any longitude gradient. Furthermore, Desroy et al. (2007) found that the temporary changes in the sediment composition they observed were due to seasonal changes in the contents of the silt/clay and soft sand. The ratio of particles recorded for the sampling sites in our study area is on average 0.24% and while the highest value of sand content was measured as 99.59% for the Eceabat station, the lowest value was 73.01% for the Kepez Harbour station. Natural structures such as breakwaters, piers, jettys or piles and erosion events intervene in these areas to disrupt the normal structure of the resulting sedimentation.
The Dardanos station has the highest silt/clay ratio (0.77%). The Kepez station, on the other hand, had a value of 0.04%.
Irregular bottom topography in coastal waters has been known to affect coastal hydrodynamics and bottom boundary layer dynamics (Dubois et al. 2009 ). Dubois et al. (2009) reported 161 bethic species in the sandy shoals of Louisiana (the southern United States) and said that the species' abundances were steady. Meanwhile, they recorded a large rate of decline in amphipod diversity in the periods of spring, summer, and autumn. The highest diversity (more than 1500 amphipod individuals per m 2 ) was observed during the spring. The same authors found a negative correlation (rs=-0.601) between mean particle size and species abundance in their study area. According to Dubois et al. (2009) , the changes in primary production and a finer particle size likely influence the benthic community by reducing community biomass and altering the community composition. During our study, we noted that average particle size was 569 µm for all the sampling sites throughout the year. This value is higher than the values stated by Dubois et al. (2007) . However, we found a mean silt/clay content (%) of 0.24 for the sampling stations. This is lower than the values found in the study of Dubois et al. (2007) .
The amphipods Corophium runcicorne, C. sextonae, Pariambus typicus, Leucothoe lilljeborgii, and Corophium sextonae are dominant in harbours, and the other amphipod, Siphonoecetes dellavallei is more abundant in the unpolluted areas (Guerra-García & García-Gómez 2009). Guerra-García & García-Gómez (2009) Ruffo, 1947) . Among these, Corophium runcicorne and C. sextonae are common and abundant species for the harbour and Siphonoecetes dellavallei inhabited the bottoms of coarse sand and soft sand. Yet, the sediment particle size and organic matter content did not significantly change during the study of GuerraGarcía & García-Gómez (2009) . This demonstrates that hydrodynamics are not significantly effective on this type of sediment. We observed that Melita palmata mostly preferred gravel bottoms and Caprella rapax (a total of 40 ind.) were characteristic of the silt/clay bottoms in our sampling area. Siphonoecetes dellavallei reached its maximum (204 ind.) at the Kilitbahir site, which has proportions of 83.11% and 0.13% of sand and silt/clay, respectively.
Van Hoey et al. (2004) reported 3 amphipod species (Bathyporeira spp., Urothoe brevicornis, Urothoe poseidonis). Bathyporeia spp. is exclusively found at the upper intertidal zone of Belgian sandy beaches. It is characterized by a low abundance (983 ind.m 2 ). Mud sediments are inhabited by a few specific species and have a low density (Van Hoey et al. 2004) . Large macrobenthic species disappeared with increasing amounts of organic matter and when mean species size declined (Koutsoubas et al. 2000) . Koutsoubas et al. (2000) reported the amphipods Dexamine spinosa and Microdeutopus gryllotalpa on the soft bottoms of Gialova Lagoon (the Ionian Sea). With respect to species diversity and density, Koutsoubas et al. (2000) found an acute decline from summer to autumn followed by an evident increase throughout the seasons. Similar results were obtained in our study. For example, 22 species were recorded in summer. Forty-two species were found during sampling in the autumn of 2008, and 43 species were reported for sampling during the winter of 2009. A detailed ecological study on community structure of the macroinfauna assemblages occurring in sandy beaches with tides in a range of 3 m on the north coast of Spain was performed by Rodil et al. (2006) . Rodil et al. (2006) Stebbing, 1891; and T. deshayesii (Audoin, 1826 ). Yet, they stated that the upper zones of the beaches were characterised by talitrid amphipods such as Talitrus saltator (33 ±16 ind. m 2 ). Talorchestia brito (2 ±1 ind. m 2 ) and Bathyporeia pelagica were also found at this part of the intertidal zone (2 ±1 ind. m 2 ). On the other hand, the same authors noted that environmental variables had the least effect on the numbers of Haustorius arenarius and Talitrus saltator. Lu & Wu (2007) mentioned that species abundance in macrobenthos in temperate areas was high and generally found when defaunated substrates were exposed during spring/summer at KatQ (in Hong Kong). Throughout the study of Lu & Wu (2007) , the number of species, abundance, and diversity were highest in summer and lowest in winter and the amphipod Corophium sp. was common in the first sampling of the four seasons. Based on the results of Lu & Wu (2007) , the structure of the sediment was coarse-medium sand and the content of organic matter in the sediment was 1.4%. Likewise, the species maximum observed throughout the year for our study is Corophium acutum with 667 individuals. This species was recorded the most at the Kilitbahir site, which contains an organic matter content of 21.43%, on average. Salgado et al. (2007) found that Corophium voltator Pallas, 1766, Melita palmata (Montagu, 1804), and Orchestia gammarellus (Pallas, 1766) had amphipod densities of 0.94, 0.15, and 0.12 m -2 , respectively, where there was a tide range of 4 m in the salt marshes of Tejo estuary, Portugal. In our work, Melita palmata was most abundant (182 ind. m -2 ) at the Kepez station. Recently, McBreen et al. (2008) sampled a total of 183 stations between Ireland and Wales to estimate benthic communities based on sediment type. Fifty-seven of these sites had sandy bottoms, 24 sites had muddy sand, and 1 site had mud. McBreen et al. (2008) also divided the sites into three categories [(low ˂1%), medium (1-7.5%), and high (>7.5%)] based on the organic matter content. As to the content of organic matter in the sampling sites, 28 sites of the 57 sandy bottomed sites were low and 22 of the 24 muddy sand sites were high. In addition, the amphipods reported in McBreen et al. (2008) were Abludomelita obtusata (Montagu, 1913) ; Harpinia antennaria (Meinert, 1890); H. crenulata (Boeck, 1871); Megamphopus cornutus (Norman, 1869); and Pariambus typicus (Króyer, 1845) . Recently, a study regarding the percentage of sand, silt, and clay values measured in sediment for the two different lagoon systems (Lesina and Varano lagoons) in southeastern Italy was performed by Specchiulli et al. (2010) . Gammarus aequicaudata occurred at a low density (a total of six specimens per m 2 ) for the lagoons specified. In contrast, Gammarus aequicaudata was found at a high density (23 ind. m -2 ) in this study. When our results were compared with those of Specchiulli et al. (2010) , we found higher sand content (average 90.80%). Changes in both physical and chemical properties of this coastal zone may soon have negative impacts in this area -a new suspension bridge is planned for the Dardanelles. Population and human-induced structural changes might adversely affect species abundance and composition of macrobenthic assemblages. Continuous monitoring and administrative precautions to protect the coastal zone are therefore
